(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 094 346 A1 



(12) 



(43) Date of publication: 

25.04.2001 Bulletin 2001/17 

(21) Application number: 99308548.9 

(22) Date of filing: 28.10.1999 



EUROPEAN PATENT APPLICATION 

(51) mt ci 7 : G02B 6/255, G 02 B 6/26 



(84) 


Designated Contracting States: 


• Crowley, Michael 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Co. Limerick (IE) 




MC NL PT SE 


• Hussey, Conleth Denis 




Designated Extension States: 


Co. Limerick (IE) 




AL LT LV MK RO SI 


• O'Sullivan, Paul F. 






Castleroy,Co. Limerick (IE) 


(30) 


Priority: 22.10.1999 IE 990889 


• Oakley, Kenneth Peter 






Castleroy,Co. Limerick (IE) 


(71) 


Applicant: Viveen Limited 


• O'Brien, Elaine 




Co. Limerick (IE) 


National Technological Park Co Limerick (IE) 


(72) 


Inventors: 


(74) Representative: Read, Matthew Charles et al 


• 


O'Toole, Eamonn 


Venner Shipley & Co. 




Co. Limerick (IE) 


20 Little Britain 


• 


Davern, Timothy 


London EC1A7DH (GB) 




Co. Limerick (IE) 





(54) Fusion spliced optical fibers 

(57) Disclosed is a method for making an optical fib- 
er fusion joint between two dissimilar single mode opti- 
cal fibers (10,40) where the fibers have different core 
sizes and/or refractive index profiles due to different pat- 
terns of dopant. In one embodiment, one fiber is a stand- 
ard step-index communication fiber, and the second fib- 
er is a dispersion compensating fiber with a multiple lay- 
er refractive index profile. In a second embodiment, the 



second fiber has a smaller core and a higher NA, up to 
about 0.3. A diffused dopant region, with a gradual lon- 
gitudinal variation in diffusion extending over at least 
3mm in each fiber, is formed adjacent to the splice. The 
diffusion of the various dopants in the second fiber tend 
to cause its refractive index profile to converge optically 
to that of the diffused step index communication fiber. 
As a consequence, the optical losses associated with 
the splice are relatively low. 
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Description 

[0001 ] The invention relates to the field of optical fiber 
systems involving connections between dissimilar opti- 
cal fibers. 

[0002] In addition to the standard communications fib- 
er, a number of new types of optical fiber have been in- 
troduced into optical fiber based communication sys- 
tems in recent years. Two groups of new fibres can be 
identified in terms of their refractive index distributions. 
The first group comprises dispersion controlling fibres 
with multiple layered refractive index profiles, while the 
second group comprises fibers that have a small core 
diameter but a high numerical aperture (NA) as com- 
pared with the standard communications fiber. The NA 
is defined as the square root of the difference between 
the squares of the refractive indices of the core and the 
cladding. 

[0003] The standard communications single mode 
fiber is exemplified by the Corning product SM F 28 step 
index single mode fibre which consists of a circular core 
region of raised, approximately uniform, refractive index 
and a surrounding cladding region of uniform refractive 
index. The fiber consists of silica glass with the core 
doped with germania to give a raised refractive index 
and the cladding is typically undoped pure silica. The 
core diameter is about 9.0pm and the mode field diam- 
eter (MFD) is about 1 0 u.m at the wavelength of 1 .55 u.m 
and the NA is about 0.1 . 

[Q004] The dispersion controlling fiber (DCF) is exem- 
plified by the Lucent Technologies DCF fiber which is 
used for dispersion compensation . This fiber has a mul- 
tiple layered refractive index profile consisting of a 
raised refractive index core (doped with germania), sur- 
rounded by a ring layer of lowered refractive index 
(doped with fluorine), surrounded, in turn, by a slightly 
raised ring layer (doped with germania). The DCF fiber 
has a MFD of about 5.0 u,m at the wavelength of 1.55 
j±m. The raising and lowering of the refractive index is 
with reference to the uniform silica cladding which sur- 
rounds the whole. 

[0005] The high NA fibres are exemplified by the er- 
bium doped fibre (e.g. Fibercore DF 1 500F), the photo- 
sensitive fibre for Bragg grating writing (e.g. Fibercore 
PS1500) and the small core fibres used for pigtailing op- 
toelectronic components (e.g. Fibercore SM1500). 
[0006] In many potential applications, it is envisaged 
that these special optical fibers will be spliced perma- 
nently to standard communication fibers. 
[0007] A standard method for connecting two lengths 
of standard communication fiber, referred to as fusion 
splicing, involves butting together the prepared ends of 
two fibers in the presence of a heat source e.g., a flame 
or electric arc such that the fiber ends melt and coa- 
lesce. Fusion splices are subject to optical losses, re- 
ferred to collectively as "splice loss." Various factors 
have been identified as contributing to splice loss, in- 
cluding lateral offset of the cores, differences in the op- 



2 

tical characteristics of the mating fibers, and changes in 
the refractive index profile that take place during fusion. 
[0008] When fibers having widely dissimilar mode 
field diameters (MFDs) and mode field shapes (MFSs) 
5 are spliced to one another, the mismatch of the mode 
fields at the location of the splice can result in high splice 
loss. 

[0009] One technique for mitigating this contribution 
to the splice loss is described, for example, by D. B. 

10 Mortimore and J. V. Wright, "Low-Loss Joints between 
Dissimilar Fibers by Tapering Fusion Splices," Electron- 
ics Letters, 22 (13 Mar. 1986), pp. 318-319. This taper- 
ing technique involves first making a standard fusion 
splice and then drawing the softened glass in the vicinity 

15 of the splice such that the glass becomes constricted, 
decreasing the diameter of both the cladding and the 
core in the vicinity of the splice. This tapered region is 
said to function as a mode transformer that transforms 
the optical mode field of one fiber to that of the other 

20 with low optical loss. A standard communication fiber 
has reportedly been joined, with a total splice loss of 
0.56 dB, to a fiber having a core diameter of 3.8 p.m and 
an MFD of 4.34 \irr\. This tapering by drawing approach 
has never been practically demonstrated outside the 

25 laboratory. 

[0010] An alternative approach to fusion splicing of 
fibers, based on the diffusion of dopants in the refractive 
index profile, was reported by, for example, W. Zell, et 
al., "Low-Loss Fusion Splicing of PCVD-DFSM Fibers, 

30 " Journal of Lightwave Technology, LT-5, (September 
1987), pp. 1192-1195. The approach of Zell, et al. in- 
volves spreading the smaller of the cores of the (not very 
dissimilar) mating fibers by diffusing the index-raising 
dopant during an annealing step after the splice is 

35 formed. (The index-lowering dopant of the cladding was 
also foundto diffuse during heating.). Zell, etal. reported 
that diffusion tapering was effective in reducing the op- 
tical loss in a fusion splice between a depressed clad- 
ding, single-mode (DCSM) fiber and a dispersion flat- 

40 tened, single-mode (DFSM) fiber having a smaller MFD 
than the DCSM fiber. 

[0011] Significantly, the heat treatment, reported in 
that work, caused the concentrations of germanium and 
fluorine dopants, respectively, to exhibit a diffusion pro- 

45 me extending axially from the joint. At a wavelength of 
1.3 |xm, a splice loss of 0.30 dB was achieved by Zell, 
et al. This splice loss was smaller than the theoretical 
loss in a step joint between the two fibers, and the dif- 
ference was attributed to diffusion tapering. However, at 

50 a wavelength of 1 .55 f±m t a somewhat greater loss, 0.35 
dB, was observed, and no reduction of loss attributable 
to diffusion tapering was observed. 
[0012] In a practical communication system, it is de- 
sirable for splices between different fibers to exhibit still 

55 smaller losses, e.g., losses much smaller than 0.3 dB. 
The Zell, et al. reference does not disclose a technique 
that can produce low-toss splices between fibers having 
drastically different core sizes, refractive index profiles, 
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MFDs and MFSs. Indeed, at 1.55 pm, which corre- 
sponds approximately to the operating wavelength of er- 
bium amplifiers. Zell. et al. has failed to show any im- 
provement in splice loss by diffusion tapering. Moreover, 
the improved splice reported there involved a pair of only 
moderately dissimilar fibers both with relatively large 
cores, i.e., fibers with respective MFDs of 1 0.1 u.m and 
7.5 j_im at a wavelength of 1 .55 urn. 
[0013] The work of Zell et el. has been extended by 
Cohen et al. ('Optical communications system compris- 
ing a fiber amplifier' US Patent 5,074,633 Dec 24, 1 991 ). 
Cohen et al. describes a splice joint with a loss of less 
than 0. 1 5 dB at 1 .55 fim between an erbium doped fiber 
with a MFD of less than 4 u.m and a communications 
fiber with a MFD of about 10 urn. This result was also 
achieved with an annealing step after the splice was 
formed where the heat source was an oxy-hydrogen 
flame of about 0.6 mm in length. 
[0014] Zell and Cohen each use diffusion tapering to 
a limited extent by preferentially diffusing the smaller of 
the cores at the annealing stage and keeping the diffu- 
sion of the larger of the cores to a minimum in an effort 
to equalise the core diameters. Thus, the diffusion takes 
place primarily in one fiber only. Cohen uses a maximum 
diffusion time of only 200 seconds at 2000 °C. 
[0015] The difference in MFD and MFS between DCF 
and standard communications fiber is very large com- 
pared to the difference in fibers which have been spliced 
using the prior art. Thus, practitioners in the art have 
until now failed to provide a fusion splice that is capable, 
for operation at about 1 .55 u,m, of joining a multiple layer 
fiber to a communications fiber having radically different 
MFDs and MFSs, with a total splice loss less than 0.2 
dB over a wide wavelength range. Similarly, splice loss- 
es between the standard communications fibre and high 
N A fibres have not been demonstrated below about 0.13 
dB. 

[0016] The present invention provides an improved 
annealed optical fiber joint between first and second 
doped optical fibers fusion spliced to one another, hav- 
ing different core sizes and different refractive index pro- 
files. According to the invention, a longitudinal diffused 
region is associated with the splice, comprising a length 
of both fibers, wherein the amount of diffusion increases 
as the splice is approached along each fiber, the length 
of the diffused region in each fiber being 3 mm or more; 
and the fusion splice has a total splice loss, over the 
range of signal wavelengths, of less than 0.2dB. 
[0017] The length of the diffused region in each fiber 
may be approximately 5mm and the provision of a sub- 
stantial diffused region in both fibers gives rise to a re- 
duction in splice loss according to the invention. 
[0018] The invention also includes a method of an- 
nealing an optical fiber joint between first and second 
optical fibers fusion spliced to one another for operation 
in a predetermined wavelength range, the second fiber 
having a differentcore size and different refractive index 
profile from the first fiber, characterised by heating the 



fibers in the region of the fusion splice to produce diffu- 
sion of dopants therein to form a longitudinal diffused 
region comprising a length of both fibers wherein the 
amount of diffusion increases as the splice is ap- 
5 proached along each fiber, the length of the diffused re- 
gion in each fiber being 3 mm or more; and the fusion 
splice has a total splice loss, over the range of signal 
wavelengths, of less than 0.2dB. 
[0019] According to the invention, the cores of the two 

io fibers are both diffused substantially to reduce splice 
loss. The amount of diffusion in each of the fibers is 
much greater than in the aforementioned prior art. The 
diffusion times may be much longer, for example 3 to 30 
minutes at a peak temperature of 2000°C. The method 

1 5 according to the invention causes dopant diffusion in 
both of the fibers. However, for a good optical match at 
the joint is not necessary for the extent of the diffusion 
to be total. Indeed, a modest increase in the extent of 
the diffusion over that demonstrated in the prior art, pro- 

2 o vided that both fibers are exposed nearly equally to the 
diffusing heat source, can improve the joint losses con- 
siderably compared to the prior art. 
[0020] In one embodiment, one fiber is a standard 
step-index communication fiber, and the second fiber is 

25 a multilayered dispersion compensating fiber (DCF). A 
diffused dopant region is included adjacent the splice. 
The diameter of the communications fiber core increas- 
es gradually within the diffusion region as the splice joint 
is approached along this fiber. The diffusion of the var- 

30 ious dopants in the DCF fiber also increases gradually 
as the splice joint is approached along this fibre. At the 
splice joint the diffusion of these dopants tend to cause 
the refractive index profile to converge optically to that 
of the diffused step index communications fiber. As a 

35 consequence of the diffusion region and its gradual lon- 
gitudinal variation, the optical losses associated with the 
splice are relatively low, i.e. less than 0.2dB at the op- 
erating wavelength, even when there is relatively high 
mismatch between the mode field diameters and mode 

to field shapes (at a signal wavelength) in the respective 
fibers. 

[0021] In a second embodiment, one fiber is a stand- 
ard step-index communication fiber, and the second fib- 
er is a high NA fibre with a NA of 0.3. A diffused dopant 

4 5 region is included adjacent the splice. The diameter of 
both fiber cores increase gradually within the diffusion 
region as the splice joint is approached along the fibers. 
The diffusion of the core in the high NA fiber tends to 
cause it to converge optically to that of the diffused step 

50 index communications fiber. As a consequence of the 
diffusion region and its gradual longitudinal variation, 
the optical losses associated with the splice are relative- 
ly low i.e. less than 0.1 dB, even when there is relatively 
high mismatch between the mode field diameters (at a 

55 signal wavelength) in the respective fibers. 

[0022] In order that the invention may be more fully 
understood, embodiments thereof will now be described 
by way of example with reference to the accompanying 
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drawings wherein: 

FIG. 1(a) is a schematic representation, not to 
scale, of a pair of dissimilar optical fibers to be 
joined, 

FIG 1 (b) is a schematic representation of the refrac- 
tive index profiles of the two fibers, 
FIG. 2 is a schematic representation, not to scale, 
of a pair of dissimilar fibers joined by a fusion splice 
with diffusion of the refractive index on both sides 
of the splice, 

FIG. 3 is a schematic of the fiber holding mecha- 
nism of the heat treatment rig, and 
FIG. 4 is a drawing of a suitable burner head and a 
configuration for testing for splice loss. 

[0023] The splice joint between unlike fibres is clearly 
an abrupt transition in the optical path and can be a ma- 
jor source of loss for the propagating light. Radial and 
longitudinal diffusion of the dopants from the core re- 
gions can, from the point of view of the optical signal, 
smooth out the transition and reduce the losses at the 
joint. The greater the extent of diffusion the smoother is 
the optical transition and the less is the loss experienced 
at the joint. However care must be taken to ensure that 
the boundary between the diffused region and the un- 
diffused region in each fiber does not itself create an 
abrupt transition in the optical path. 
[0024] For any longitudinal transition in an optical 
waveguide there is an allowed transition rate, which will 
guarantee low loss for light passing through the transi- 
tion. This allowed transition rate is governed by the so- 
called Adiabatic Criterion, which is well known to those 
skilled in the art (see, for example, W.J. Stewart and J. 
D. Love, "Design limitations on tapers and couplers in 
single mode fibres" ECOC 1985 pp. 559-562). For the 
present purposes, it is sufficient to note that the longitu- 
dinal profiles of the diffused core regions need to be con- 
trolled during the diffusion process so that the appropri- 
ate transition rate for each fiber is achieved. 
[0025] Diffusion of the dopants in the fibre can be 
achieved by heating the fiber. The extent of diffusion is 
proportional to the heating temperature and heating 
time. 

[0026] The simplest implementation of a gradual tran- 
sition in the amount of diffusion along a length of optical 
fiber is to exploit the temperature gradient of a gas flame 
and to ensure that the flame is long enough that an ap- 
propriate transition rate is achieved about the splice 
point. More diffusion will occur at the centre of the flame 
where the fiber is hottest, and less and less diffusion 
occurs on moving out to the edge of the flame. A more 
elaborate approach for such a diffusion regime is to in- 
troduce a longitudinal back and forth motion to the dif- 
fusing flame, i.e. the flame can be made to oscillate over 
a length of the fiber. The amplitude of the oscillation can 
be varied during the diffusion process such that different 
regions of the fiber have different exposure times to the 



flame. Since the amount of diffusion depends on heating 
time, more diffusion will occur where the fiber is heated 
for the longest time. 

[0027] In the priorart, where the fibers are heated with 
5 an electric arc, the extent of the heated region is about 
1 to 2 mm. Any diffusion of the fiber core in such an arc 
will have a relatively abrupt transition. While this may be 
adequate for improving some fiber splice joints where a 
low extent of diffusion is required, it is not adequate for 

10 joints where the difference between the two fibers is 
considerable. In accordance with the invention, the 
length of the hot zone is increased and the fiber temper- 
ature is suitably graded within the hot zone, so that a 
suitable diffusion profile can be achieved. 

1 5 [0028] It is accordingly possible to improve the joint 
loss between two fibers by lengthening and suitably 
grading the diffusion about the splice point. On examin- 
ing the adiabatic criterion for different fiber types, it is 
found that different fiber types require different grada- 
te tions of diffusion to achieve low loss. High NA matched 
cladding fibers can tolerate the fastest diffusion transi- 
tion rates, the standard low NA matched cladding com- 
munications fibers require a slower transition rate, and 
the multiple layer fibers incorporating a depressed clad- 

25 ding layer need the slowest rate of all. Ideally the fibers 
on each side of the splice should be heat treated differ- 
ently to achieve the lowest loss in the shortest possible 
length. However, in practice, it is convenient to heat treat 
both fibers according to the requirements of the slowest 

so fiber type. A single flame with a graded temperature dis- 
tribution about its centre is a suitable exemplary embod- 
iment of this, which can be used to achieve greater dif- 
fusion in both fibers over a longer length of both of them 
as compared with Cohen supra, 

35 [0029] For illustrative purposes, a preferred embodi- 
ment of the invention as applied to DCF fiber will now 
be described although it will be appreciated that the prin- 
ciples of the invention can be applied to other fiber types. 
[0030] With reference to FIG. 1 , two fibers that are to 

40 be spliced together are shown. The splice is to be 
formed between first and second fibers 10 and 40. The 
fiber 10 comprises a DCF fiber. Fiber 10 includes a uni- 
form cladding 20 and series of layers constituting a re- 
fractive index profile with raised inner core 30. The sec- 

^5 ond fiber 40 is not a DCF fiber, and is typically an optical 
communication fiber. Fiber 40 includes a cladding 50 
and a core 60. Fibers 10 and 40 are typically single 
mode fibers. 

[0031 ] Cladding 20 of the DCF fiber exemplarily conv 
50 prises silica glass doped with germania for the inner high 
refractive index raised core, doped with typically fluorine 
in the lowered refractive index ring 70 surrounding the 
core, with yet another slightly raised germania doped 
ring 80 surrounding that, surrounded finally with the uni- 
55 form cladding 20 . The outer diameter of cladding 20 is 
advantageously the same as the outer diameter of clad- 
ding 50. If fiber 40 is a standard optical communication 
fiber, then this outerdiameteris generally about 1 25 u.m. 
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[0032] Turning now to FIG. 2, fibers 10 and 40 are 
joined by a fusion splice 90. It is desirable for the total 
splice loss associated with splice 90 to be less than 0.3 
dB over a wide wavelength range (160 nm.) centred on 
1 .55 urn. 

[0033] For illustrative purposes, a procedure for mak- 
ing annealed and hence diffused fusion splices in ac- 
cordance with the invention is described below. Splice 
losses less than 0.2 dB r and as low as about 0.15 dB, 
have been achieved by using this procedure to join 
standard communication fibers (SMF28) to Lucent DCF 
fibers. 

[0034] In accordance with the illustrative procedure, 
the respective ends of fibers 10 and 40 that are to be 
joined are first prepared and then assembled in a con- 
ventional fusion splicing apparatus. Fusion splicing ap- 
paratuses using, e.g., flames, electric arcs, or tungsten 
filaments as heat sources are well known in the art and 
are readily commercially available. One suitable exam- 
ple of fusion splicing machine is the Model 30S manu- 
factured by Fujikura Corporation. 
[0035] Techniques of end preparation are well known 
in the art. By the use of such techniques, each of the 
ends to be joined is desirably cleaved such that it is in- 
clined no more than 1 degree from a plane perpendicu- 
lar to the longitudinal axis of the fiber. After the ends are 
prepared, the fibers are mounted and aligned in the 
splicing apparatus and spliced using best practice for 
the particular machine being used. 
[0036] The spliced fiber is then removed from the 
splicing machine and mounted in a heattreating rig such 
that the fibre is suspended between two aligned plat- 
forms 1 00 with the splice point 90 lying midway between 
them as illustrated in Figure 3. A hydrogen torch is then 
introduced to the splice joint region. The torch head 110, 
typically made from ceramic or stainless steel, is intro- 
duced so that the gas flows vertically downwards onto 
the fibres. With reference to Figure 4, the nozzle of the 
burner is about 8mm diameter with a rim thickness of 
about Imm. The envelope of gas flame has an inverted 
dome shape 120. The torch height and the gas flow 
rates are adjusted to ensure that the fibre lies at a tan- 
gent to the flame and a length of about 1 0mm of fibre is 
glowing in the flame, disposed symmetrically about the 
splice point 90 i.e. 

[0037] with about 5mm in each of the fibers 10, 40. 
The gas flow rates can range from 1 00 to 400 ccm/min 
and is typically 300 ccm/min. 

[0038] The heat treatment involves the heating of the 
splice region i.e., over a length of about 1 0 mm, as pre- 
viously described, to a certain temperature and temper- 
ature gradient, and maintaining the splice region at that 
temperature distribution for a temperature-dependent 
time. Diffusion of dopants occurs during the heat treat- 
ment and the longitudinal gradient in diffusion mirrors 
that of the heat gradient of the flame. As a result, with 
reference to FIG. 2, the cores of fiber 40, and refractive 
index distributions of fiber 10, both diffuse gradually 



more and more to form a dopant diffused region 75 
along the heated region to such an extent that the optical 
distinctions between the fibers at the splice point 90 get 
blurred. Provided that optical guidance is maintained in 
5 the diffused region, the propagating light can traverse 
the splice with little or no loss. 

[0039] Generally, it has been found according to the 
invention that an improved standard fiber/DCF fibre 
splice can be produced when the annealing takes place 

10 with a flame over a fiber length of 6 - 20mm with at least 
a length of 3mm of each fiber being heated in region of 
the joint. Thus between 3-1 0mm of each fiber is subject 
to the flame to produce the longitudinal dopant diffused 
region 75 shown in Figure 2 wherein the amount of dif- 

15 fusion increases as the splice is approached along each 
fiber. Conveniently, the diffused region is produced in 
approximately 5mm of each fiber 10., 40. The splice is 
heated to a temperature within a range of 1 700 - 2000°C 
for a time in a range of 3, 4 or 5 to 30 minutes. The re- 

20 suiting annealed joint between the fibers exhibit im- 
proved loss characteristics of less than 0.2 dB and typ- 
ically in a range of 0. 1 5 - 0.2 dB. The conditions are de- 
termined empirically for the actual fiber types used such 
as to provide diffusion in the fibers that results in the 

25 aforementioned adiabatic criterion being established in 
the transition between the cores of the spliced fibers. 
[0040] The annealing technique just described can al- 
so be used with advantage for a fusion splice between 
standard telecommunications single mode fiber and a 

30 high NA fiber. Using the aforementioned conditions for 
the improved standard fiber/DCF fibre splice, the heat- 
ing of the splice similarly produces a longitudinal dopant 
diffused region wherein the amount of diffusion increas- 
es as the splice is approached along each fiber. The re- 

35 suiting splice loss is less than 0.1 dB. The high NA fiber 
may have a value of NA greater than 0.1 and as high as 
0.4. A typical value of NA is 0.3. 
[0041] During the heat treatment, the throughput op- 
tical power of the splice may be monitored by a conven- 

40 tional technique, such as with an optical loss test set 
comprising a light source 130 and an optical power me- 
ter 140 shown in Figure 4. It is generally observed that 
the power, detected by the power meter, continues to 
increase and eventually reaches saturation at a maxi- 
ms mum value. Thus, an optimum heating time can readily 
be identified at a given temperature, such that the trans- 
mitted power is maximised when the peak temperature 
is maintained forthat optimum time period. So, once the 
heating conditions are set, the need for optical monitor- 

50 jng is eliminated from the procedure. 

Example 1 

[0042] A Lucent DCF single-mode fiber (Fiber type 
55 DK-SM) and a single-mode communication fiber (Corn- 
ing SMF28) were joined by a fusion splice with extended 
heat treatment to cause diffusion. 
[0043] The DCF fiber had an outer diameter of 125 



5 
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nm and a MFD of about 5.0 urn. The communication CI 
fiber had an outer diameter of 125 u.m and a MFD of 
about 1 0 (am. The fiber ends to be joined were prepared 1 . 
as described above, aligned and spiiced in a conven- 
tional fusion splicing apparatus. 5 



[0044] The optical power transmitted across the fiber 
joint was monitored by means of the laser light source 
1 30 coupled to the fiber 40 and the optical detector 1 40 
coupled to the fiber 1 0. A combined length of about 1 0 
mm, centred on the splice 90, was heated with a hydro- 10 
gen flame. The torch had a ceramic head with an 8 mm 
aperture. The height was adjusted to produce a hot zone 
length of 1 0 mm on the fiber at a maximum temperature 
of 1 700 - 2000°C. A hydrogen gas flow at a rate of about 
300 cc/minute passed through the aperture. is 
[0045] The splice region was heated to the peak tem- 
perature, and maintained at that temperature for a time 
period of about 10 mins, at which point the maximum 2. 
power transmission was observed. The resulting splice 
loss averaged over ten samples at a wavelength of 1 .55 20 
u.m was 0.17 dB, with a standard deviation of 0.03 dB. 

Example 2 3. 

[0046] A Fibrecore High NA (NA=0.3) single-mode 25 
fiber (PS 1 500) manufactured by Fibercore pic of South- 
ampton GB and a single-mode communication fiber 
(Corning SMF28) were joined by a fusion splice with ex- 
tended heat treatment to cause diffusion. 4. 
[0047] The High NA fiber had an outer diameter of 1 25 30 
jam and a MFD of about 4.0 u.m. The communication 
fiber had an outer diameter of 125 jxm and a MFD of 
about 10 (xm. 

[0048] The fiber ends to be joined were prepared as 5. 
described above, aligned and spliced in the convention- 35 
al fusion splicing apparatus. 

[0049] The optical power transmitted across the fiber 6. 
joint was monitored by a conventional technique. A com- 
bined length of about 10 mm, centred on the contact 
point, was heated with a hydrogen flame. The torch had 40 7. 
a ceramic head with an 8 mm aperture. The height was 
adjusted to produce a hot zone length of 10 mm on the 
fiber. A hydrogen gas flow at a rate of about 200 cc/ 8. 
minute passed through the aperture. 
[0050] The splice region was heated to a peak tern- 45 
perature of 1700 - 2000°C and maintained at that tem- 
perature for a time period of about 5 mins, at which point 
the maximum power transmission was observed. The 9. 
resulting splice loss averaged over ten samples at a 
wavelength of 1 .55 p.m was 0.05 dB, with a standard 50 
deviation of 0.01 dB. 

[0051] Many modifications and variations fall within 10. 
the scope of the invention. For example, different types 
of DCF fibers may be used instead of the Lucent fiber 
previously described and different types of high NA fib- 55 
ers can be used. Also, the invention has application to 11. 
splices between other dissimilar fibers to reduce the 
splice loss. 



ims 

An annealed optical fiber joint comprising first and 
second doped optical fibers (10,40) fusion spliced 
to one another for operation in a predetermined 
wavelength range, the second fiber having a differ- 
ent core size and different refractive index profile 
from the first fiber, characterised in that associat- 
ed with the fusion splice (90) is a longitudinal dif- 
fused region (75) comprising a length of both fibers 
wherein the amount of diffusion increases as the 
splice is approached along each fiber, the length of 
the diffused region in each fiber being 3 mm or 
more; and the fusion splice has a total splice loss, 
over the range of signal wavelengths, of less than 
0.2 dB. 

A joint according to claim 1 wherein the first fiber 
comprises a standard telecommunications single 
mode fiber (40) and the second fiber comprises a 
DCF fiber (10). 

A joint according to claim 2 wherein the DCF fiber 
comprises a core (30) surrounded by an outer 
cladding , the core having a higher refractive index 
than the cladding, and a dispersion compensation 
region (70,80) between thecore and outercladding. 

A joint according to claim 1 wherein the first fiber 
comprises a standard telecommunications single 
mode fiber and the second fiber has a value of NA 
which is higher fiber than that of the first fiber. 

A joint according to claim 3 wherein the second fiber 
has a value of NA approximately equal to 0.3. 

A joint according to claim 4 or 5 wherein the second 
fiber has an erbium doped core. 

A joint according to any one of claims 3 to 6 wherein 
the splice loss is less than 0.1 dB. 

A joint according to any preceding claim wherein the 
first fiber has a core diameter in a range of 8 - 1 1 jim 
and the second fiber has a core diameter in a range 
of 2 - 8}im. 

A joint according to any preceding claim wherein the 
length of the diffused region is less than 10mm in 
each fiber. 

A joint according to any preceding claim wherein the 
length of the diffused region is approximately 5mm 
in each fiber. 

A method of annealing an optical fiber joint between 
first and second optical fibers (1 0,40) fusion spliced 
to one another for operation in a predetermined 



INSCXXMO: <EP 1094346A1_L> 



11 EP 1 094 346 A1 12 

wavelength range, the second fiber having a differ- 
ent core size and different refractive index profile 
from the first fiber, characterised by heating the fib- 
ers in the region of the fusion splice to produce dif- 
fusion of dopants therein to form a longitudinal dif- 5 
fused region (75) comprising a length of both fibers 
wherein the amount of diffusion increases as the 
splice is approached along each fiber, the length of 
the diffused region in each fiber being 3 mm or 
more; and the fusion splice has a total splice loss, 10 
over the range of signal wavelengths, of less than 
0.2dB. 

12. A method according to claim 11 including carrying 

out the heating of the fibers with a gas flame. 15 

13. A method according to claim 11 or 12 wherein the 
heating of the fibers is carried out to a peak temper- 
ature between 1700 °C and 2000 °C. 

20 

14. A method according to claim 11, 12 or 13 wherein 
the heating is carried out for between 3 and 30 min- 
utes. 

15. A method according to any one of claims 11 to 14 25 
including monitoring optical splice loss forthe fusion 
splice whilst carrying out the heating, and ceasing 

the heating when the splice loss reduces to a par- 
ticular level. 

30 

16. A method according to any one of claims 11 to 15 
wherein the heating is carried out with a gas torch. 

17. A method according to claim 16 wherein the torch 
burns hydrogen and including controlling the flow of 35 
hydrogen to the torch to be between 100 and 400 
cc/min. 

18. A method according to claim 16 or 17 including os- 
cillating the torch along the fibers to produce a max- 40 
imum temperature at the splice and a temperature 
gradation therefrom along the fibers. 

19. A method according to any one of claims 11 to 18 
including producing the splice between a standard 45 
telecommunications fiber and a DCF fiber. 

20. A method according to any one of claims 11 to 18 
including producing the splice between a standard 
telecommunications fiber and a high NA fiber. so 

21 . An annealed optical fiber joint produced by a meth- 
od as claimed in any one of claims 1 1 to 20. 

22. An annealed optical fiber joint according to any one 55 
of claims 1 to 1 0 or 21 configured for operation in a 
wavelength range centred on 1 .55 fjxn. 
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